ABSTRACT. Many environmental agents affect the development of male germ cells at different stages. Apoptosis is common during normal spermatogenesis; it plays an important role in controlling the number of germ cells and the disposal of defective stem cells to produce functional sperm. The presence of p53 in primary spermatocytes suggests that it plays a role in the prophase of meiosis. p53 is expressed in the testis in both spermatocytes and spermatogonia. This suggests that the p53 gene (TP53) is important for apoptosis regulation during spermatogenesis, and may be associated with male infertility. The main causes of male infertility are genetic, physical, and pathological abnormalities, intense and prolonged exercise, aging, drug use, and long periods of sexual abstinence. Approximately 20% of male infertility is idiopathic. The Trp53 gene is involved in meiosis in male rats and mice suggesting that the p53 plays a critical role in spermatogenesis. We investigated the association between the TP53 polymorphism in codon 72 and idiopathic male infertility in 208 semen samples: 106 showed abnormal semen analysis results and were from infertile men, and 102 were from fertile individuals (the control group). Changes in Trp53 expression are associated with the main phase regulating meiotic progression with a peak in the pachytene stage, and Trp53-deficient mice exhibit degenerative syndrome (giant cells). The genotypic and allelic frequencies were not significantly different among the groups in this study; the results suggest that the TP53 polymorphism in codon 72 is not associated with the pathogenesis of idiopathic male infertility or failure of spermatogenesis.
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INTRODUCTION
Spermatogenesis entails continuous replication and a metamorphosis of relatively undifferentiated diploid stem cells into highly specialized haploid cells. Sperm cells have the ability to move through the female reproductive tract and fertilize an egg. This is a complex process that is controlled by the hypothalamic-pituitary axis and testicular hormones, and is susceptible to the influence of other endocrine organs such as the brain. Therefore, it is not surprising that several environmental agents can affect the development of male germ cells at different stages (Lin et al., 2010) .
Apoptosis is common during normal spermatogenesis; it plays an important role in controlling the number of germ cells and the disposal of defective stem cells to produce functional sperm. Apoptotic processes during spermatogenesis are related to multiple genes and factors such as the Bcl2 gene family, Fas, Fas ligands, and p53 (Print and Loveland, 2000; Show et al., 2008; Lin et al., 2010) . Germ cell apoptosis can also be induced by diseases or environmental disturbances such as heat stress, ionizing radiation exposure, toxic chemicals, hormonal depletion, and loss of stem cell factor signaling (Ohta et al., 2003) .
Certain genes and environmental conditions associated with apoptosis in male germ cells, and the specific molecular mechanisms governing apoptosis in different conditions, have not been characterized further. The tumor suppressor protein p53 is highly expressed in the testis and is involved in apoptosis (Fouchécourt et al., 2016) . The presence of p53 in a primary spermatocyte assay (Churchman et al., 2011) suggests that it plays a role in the prophase of meiosis. p53 expression in the testis occurs in spermatocytes and spermatogonia (Beumer et al., 1998) . These results suggest that the p53 gene (TP53) is important in regulating apoptosis during spermatogenesis, and may be associated with male infertility.
The p53 tumor suppressor gene regulates cell growth and development. It has a chromosomal locus of 17p13 and encodes a 53-kDa protein comprising 393 amino acids. It is expressed when DNA is harmed; the p53 protein binds to the damaged DNA site and disrupts cells in the G1 phase of the cell cycle (Lane, 1992) , activating repair mechanisms or inducing apoptosis. When p53 mutates, damaged cells that have escaped repair or apoptosis can initiate a malignant clone (Pelúzio et al., 2006) .
Codon 72 has a polymorphism that encodes the amino acids arginine (CGC; Arg72) or proline (CCC; Pro72) (Tada et al., 2001 ). This polymorphism takes place by a simple substitution of a base in the codon and results in structural alteration of the p53 protein (Lin et al., 2008) . The Arg72Pro polymorphism occurs in a proline-rich domain of p53, which actively participates in the induction of apoptosis (Li et al., 2008) . Dumont et al. (2003) reported that the Arg72 allele induces apoptosis more efficiently than the Pro72 allele. The enhanced apoptotic potential of the Arg72 variant is due in part to a greater ability to interact with the mitochondria, where it causes the release of cytochrome c into the cytosol (Murphy, 2006) .
Several studies have shown that Arg72 and Pro72 variants have significant functional differences (Dumont et al., 2003; Lattuada et al., 2004 ) that affect the biochemical and biological properties of the p53 protein. Changing the amino acid at position 72 results in a structural change in the protein because the Pro72 variant migrates more slowly than Arg72 (Dumont et al., 2003) .
The main causes of male infertility are associated with several factors including genetic, physical, and pathological abnormalities, intense and prolonged exercise, aging, drug use, and even long periods of sexual abstinence (Lu et al., 2007) . Approximately 20% of male infertility cases are idiopathic. Increasingly, the role of genetic changes in such cases is being investigated (Olesen et al., 2001) . Genetic disorders that are the main etiological cause of infertility can be attributed to chromosomal changes that can be structural, numerical, acquired, or congenital (Stankiewicz and Lupski, 2002) .
Although several genetic factors have been implicated in idiopathic male infertility, many causes that involve polymorphic variants have not yet been elucidated. Thanks to the study of Matzuk and Lamb (2008) , several genes that influence the testicular and sperm function of mice are now known. The Trp53 gene, which encodes the p53 protein in rats and mice, is involved in meiosis in males, suggesting that p53 plays a critical role in spermatogenesis (Lu et al., 2007) . In the present research, we investigated the association between the TP53 polymorphism in codon 72 and idiopathic male infertility in semen samples.
MATERIAL AND METHODS
We conducted a case-control study that included semen samples from 208 men: 106 showed abnormal semen analysis results and were from infertile men, and 102 were from fertile individuals (the control group). Semen samples were collected in the Human Reproduction Laboratory (HC-UFG). Patients were classified according to alterations detected in three consecutive spermograms based on the WHO (1999) protocol. The project was approved by the Ethics Committee on research at the Catholic University of Goiás (No. 150/2004) , and written informed consent was obtained from all participants.
DNA was extracted from semen samples using the GFX TM kit (GE Healthcare, Milwaukee, WI, USA). The extracted samples were labeled and stored at -20°C. Genotyping was performed by polymerase chain reaction (PCR) following the protocol proposed by Lu et al. (2007) .
We used the primers listed in Table 1 to obtain the expected amplicons for this procedure: one for the variant Pro72 and another for Arg72, both in codon 72 of the TP53 gene. The thermocycling conditions were specific for obtaining each amplicon (Table 2) . To analyze the products obtained by PCR, the amplified material was subjected to 2% agarose gel electrophoresis in 1X Tris-borate ethylenediaminetetraacetic acid (EDTA) buffer (TBE). The gel was subjected to a constant electric field of 8 V/cm for 90 min. The gels were stained with ethidium bromide at 5 mg/mL for 20 min, and documented by video. The presence of a single band of 177 bp indicated individuals that were homozygous for p53Pro; the presence of a 144-bp band indicated homozygous p53Arg individuals. The presence of two bands, at 177 and 141 bp, characterized heterozygous (p53ProArg) individuals (Figure 1) . 
RESULTS
We investigated the association between the TP53 polymorphism in codon 72 and idiopathic male infertility in 208 semen samples: 106 showed abnormal semen analysis results and were from infertile men, and 102 were from fertile individuals (the control group). The average ages of the men in the case and control groups were 34.67 and 33.1 years, respectively.
The men in the case group were 21-60 years old and the men in the control group were 20-59 years old.
We found one or more semen alteration among the patients, as described in Table 3 . In the case group we found that 23.58% (25/106) were homozygous for the Arg allele, 61.32% (65/106) were heterozygous for the Arg-Pro alleles, and 15.09% (16/106) were homozygous for the Pro allele. In the control group we found that 19.60% (20/102) were homozygous for the Arg allele, 55.88% (57/102) were heterozygous for the Arg-Pro alleles, and 24.50% (25/102) were homozygous for the Pro allele (Table 4) . The results were not significant according to the statistical analysis. 
DISCUSSION
The polymorphism of codon 72 of TP53 has been studied extensively because of its impact on the coding sequence of the gene, which is related to the suppression of cell growth and plays an important role in apoptosis (Dumont et al., 2003; Lattuada et al., 2004; Siddique and Sabapathy, 2006) . However, there is little scientific literature about the association between this polymorphism and idiopathic male infertility; Lu et al. (2007) reported that this association was not statistically significant in a Chinese population.
The large number of cell divisions that take place during spermatogenesis, and consequently the high rate of DNA replication, increases the chance of mutation in the germ cells (Jobling and Tyler-Smith, 2003) . Maintaining the integrity of testicular germ cells during spermatogenesis is crucial to fertility. Spontaneous germ cell death has been recognized as a normal cellular process in the mammalian testis (Kerr, 1992) . Cell suppression has been found at different stages of development including in spermatogonia (Huckins, 1978; Allan et al., 1992) , spermatocytes, and spermatids (Kerr, 1992) . Although p53 plays a role in normal physiological conditions in the germ cells, it has also been found in cells damaged by external agents. Male germ cells are sensitive to heat (Chowdhury and Steinberger, 1964) and apoptosis occurs in germ cells subjected to elevated temperatures (Shikone et al., 1994) .
In this study we found no statistically significant differences among the populations, both in terms of genotype frequency (P = 0.2254) and allelic frequency (P = 0.2049). There was a higher prevalence of the p53Arg allele in the case group, but the prevalence of the p53Pro allele was higher in the control group (Table 4 ). The distribution of sperm was not significantly different between the polymorphic variants, indicating that the importance of each clinical characteristic does not depend on the genotype present in the analyzed patient.
The controversy surrounding the data on p53 in the literature can be attributed to ethnic differences among the populations studied. Moreover, other factors such as the sample size, the type of sample used as a source of DNA, the detection technique used, and variations in the laboratory protocol may have contributed to the discrepancy in the results (Brenna et al., 2004) .
Oscillation or genetic drift, acting together with natural selection, involves random fluctuations in the frequency of alleles; owing to sampling errors, there is a tendency to set one or the other allele, especially in very small populations . Thus, genetic drift may also be associated with the discrepancy in the results found in the literature, because the stability of the allelic frequencies varies greatly according to the size of the population.
Both TP53 isoforms are able to stimulate repair and apoptosis, but with different efficiencies. For this reason, the polymorphism in codon 72 may serve as a genetic modifier, allowing the balance of the biological processes as a result of ecological and/or evolutionary adaptation (Siddique and Sabapathy, 2006) . Each polymorphic variant may have been selected by evolution for a given specific function. One can hypothesize that when subjected to certain cellular stress signals, an individual carrier of the p53Arg variant might respond by preferentially triggering apoptosis, whereas a carrier of the p53Pro allele might trigger the repair of the affected cell.
Apoptosis can be the first line of defense of the body to genotoxic stress in carriers of the p53Arg allele. This fact is supported by clinical data showing that patients with this variant without mutations of the TP53 gene respond more satisfactorily to chemotherapy and survive longer compared with carriers of the p53Pro allele (Siddique and Sabapathy, 2006) . However, p53Pro induces blockade of the cell cycle in G1 and p53-dependent activation of repair mechanisms more effectively than p53Arg (Dumont et al., 2003; Bojesen and Nordestgaard, 2008) . Schwartz et al. (1993) postulated that a lack of p53 significantly affects the overall yield of sperm motility, indicating that a lack of TP53 reduces the "functional" yield of spermatozoa because they observed a higher percentage of abnormal spermatozoa and reduced fertility.
A role for p53 in spermatogenesis was suggested by the observation that changes in TP53 expression are associated with the main phase regulating meiotic progression with a peak in the pachytene stage , and Trp53-deficient mice exhibit degenerative syndrome manifested by the occurrence of giant cells ).
In the current study the genotypic and allelic frequencies were not significantly different among the groups, suggesting that the TP53 gene polymorphism in codon 72 is not associated with the pathogenesis of idiopathic male infertility or failure of spermatogenesis.
